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DESCRIPTION 

TITLE OF THE INVENTION 

SILICON CARBIDE EPITAXIAL WAFER, MANUFACTURING METHOD OF SAID 
WAFER, AND SEMICONDUCTOR DEVICE FORMED ON SAID WAFER 

TECHNICAL FIELD 

[0001] 

Present invention relates to a high-quality silicon carbide (SiC) epitaxial wafer 
obtained from the crystal growth of silicon carbide, manufacturing method of such 
wafer, and semiconductor device formed on this wafer. 

BACKGROUND ART 

[0002] 

Since SiC has various crystal structures, in the epitaxial growth of the SiC 
{0001} face, SiC having a different crystal structure easily gets mixed into the 
epitaxially grown portion. 

Further, the flatness of the growth surface will be lost due to step bunching or 
two-dimensional nucleus formation. Thus, in order to form an epitaxial wafer having a 
flat and uniform crystal structure, with the conventional epitaxial wafer manufacturing 
technology, a SiC substrate (off substrate) inclined 3° to 8° in the [formula 3] 
direction of the {0001} face is used, and an epitaxial wafer is formed on such substrate 
with the chemical vapor deposition method (CVD method) (c.f. Patent Document 1). 
[Patent Document 1] US Patent No. 4,912,064 
[0003] 

[formula 3] : [1120] 
[0004] 

SiC has crystal defects extending in the {0001} direction and crystal defects 
extending in a direction perpendicular to the {0001} direction. Thus, when an 
epitaxial wafer is manufactured based on the technology described in Patent 
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Document 1 , since both crystal defects existing in the substrate are propagated to the 
epitaxially grown portion, it is difficult to reduce the defects in the wafer. This situation 
is shown in FIG. 1a. 
[0005] 

Further, in the manufacture of a SiC epitaxial wafer, the (0001) Si face is used 
for epitaxial growth. Nevertheless, as the angle of the off substrate becomes small, 
during the epitaxial growth of the (0001) Si face, step bunching and two-dimensional 
nucleus formation will occur and the flatness of the epitaxially grown surface will be 
lost. 

DISCLOSURE OF THE INVENTION 

[0006] 

In consideration of the foregoing problems, an object of present invention is 
to provide a method of manufacturing an epitaxial wafer having a highly flat surface 
while reducing the crystal defects in the SiC epitaxial wafer, the SiC epitaxial wafer 
obtained thereby, and a semiconductor device formed on such wafer. 
[0007] 

The present inventors achieved present invention by discovering that the 
foregoing defects can be reduced by adjusting the off angle from the {0001} face of the 
SiC substrate, and controlling the growth pressure and composition ratio of the source 
gas. 
[0008] 

In other words, present invention provides the following invention: 
1) A silicon carbide epitaxial wafer which is formed on a substrate that is from 0° to less 
than 1° off from the {0001} surface of silicon carbide having an a -type crystal 
structure. 2) The silicon carbide epitaxial wafer according to 1) above, wherein said 
silicon carbide epitaxial wafer is formed on a substrate of the [formula 4] face. 3) 
The silicon carbide epitaxial wafer according to 1) or 2) above, wherein a silicon 
carbide substrate having a 4H crystal structure is used. 4) The silicon carbide 
epitaxial wafer according to any one of 1) to 3) above, wherein said silicon carbide 
epitaxial wafer has a flat surface. 5) A semiconductor device formed on the epitaxial 
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wafer according to any one of 1 ) to 4) above. 6) A manufacturing method of a silicon 
carbide epitaxial wafer, wherein silicon carbide is epitaxially grown on a substrate that 
is from 0° to less than 1° off from the {0001} surface of silicon carbide having an a 
-type crystal structure. 7) The manufacturing method of a silicon carbide epitaxial 
wafer according to 6) above, wherein silicon carbide is epitaxially grown on a substrate 
of the [formula 5] face. 8) The manufacturing method of a silicon carbide epitaxial 
wafer according to 6) or 7) above, wherein silicon carbide is epitaxially grown on a 
silicon carbide substrate having a 4H crystal structure. 

9) The manufacturing method of a silicon carbide epitaxial wafer according to any 
one of 6) to 8) above, wherein the substrate surface is cleansed with a mixed gas of 
hydrogen gas and propane gas of 1 400°C to 1 600°C. 1 0) The manufacturing method 
of a silicon carbide epitaxial wafer according to any one of claims 6 to 9, wherein the 
height of the substrate surface step is 1 nm or less. 11) The manufacturing method of 
a silicon carbide epitaxial wafer according to any one of 6) to 10) above, wherein a 
source gas of silane and propane is used upon epitaxially growing silicon carbide. 
12) The manufacturing method of a silicon carbide epitaxial wafer according to any 
one of 6) to 11) above, wherein a growth pressure of 250mbar or less is used upon 
epitaxially growing silicon carbide. 1 3) The manufacturing method of a silicon carbide 
epitaxial wafer according to any one of 6) to 12) above, wherein a source gas in which 
the composition ratio of C and Si is 1 or less is used upon epitaxially growing silicon 
carbide. 14) A silicon carbide epitaxial wafer manufactured with the epitaxial growth 
according to any one of 6) to 13) above. 15) A semiconductor device formed on the 
silicon carbide epitaxial wafer according to 14) above. 
[0009] 

[formula 4] : (0001) C 
[0010] 

[formula 5] : (0001) C 

EFFECT OF THE INVENTION 

[0011] 

Present invention yields a superior effect in that an epitaxial wafer having a 
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highly flat surface can be manufactured while reducing the crystals defects in the SiC 

epitaxial wafer. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] 

With present invention, by manufacturing the epitaxial wafer with a SiC 
substrate whose off angle is from 0° to less than 1 ° from the {0001} face, as shown in 
FIG. 1b, defects extending in a direction that is perpendicular to the {0001} direction 
existing in the substrate can be suppressed from propagating to the epitaxially grown 
portion, and crystal defects in the epitaxial wafer can be reduced thereby. 
[0013] 

In particular, in order to increase the flatness of the epitaxial wafer surface, it 
is desirable to perform epitaxial growth to the [formula 6] face. 

Further, by controlling the growth pressure to be 250mbar or less, and 
controlling the flow rate of the source gas so that the composition ratio of C and Si in 
source gases becomes 1 or less; in other words, by controlling the growth pressure to 
be 250mbar or less and the composition ratio of C and Si in source gases to be 1 or 
less while using the [formula 7) face, deterioration in the flatness of the growth 
surface caused by step bunching or two-dimensional nucleus formation can be 
suppressed, and a wafer having a highly flat epitaxial wafer surface with reduced 
crystal defects can be manufactured thereby. 
[0014] 

[formula 6] : (0001) C 
[0015] 

[formula 7] : (0001) C 
[0016] 

FIG. 4 (photograph of the following Examples is incorporated) shows the 
surface of the epitaxial wafer after 5 hours of growth, and, by using the [formula 8] 
face, there is no surface roughness caused by step bunching or two-dimensional 
nucleus formation, and a flat surface is formed thereby. 

FIG. 5a shows defects in the SiC substrate for the comparison. Besides 
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crystal defects extending in the {0001} direction visible as white dots in the SiC 

substrate, there are also crystal defects extending in a direction that is perpendicular to 
the {0001} direction visible in the form of a line. 

The defects visible as white dots in the epitaxial wafer are the crystal defects 
in the Sic substrate that extend in the {0001} direction. 
[0017] 

[formula 8) : (0001) C 
[0018] 

Nevertheless, according to present invention, as shown in FIG 5b 
(photograph of the following Examples is incorporated), the linear defects that existed 
in the SiC substrate are hardly visible in the epitaxial wafer, and it is evident that the 
defects have decreased. Like this, as a result of employing present invention, an 
epitaxial wafer having a highly flat surface can be manufactured while reducing the 
crystal defects in the SiC epitaxial wafer. 
[0019] 

Further, present invention also enables the improvement in the yield of the 
SiC ingot. Generally, a SiC ingot is manufactured by growing in the {0001} direction. 
When cutting a SiC substrate that is 8° off from {0001} direction, cutting stock of 1 0mm 
as shown in FIG. 6a will arise if the ingot has a diameter of 75mm (3 inches). 

Meanwhile, when epitaxial growth is enabled where the off angle of the SiC 
substrate is less than 1° according to present invention, as shown in FIG. 6b, the 
cutting stock upon cutting the SiC substrate will hardly arise, and the yield is improved 
thereby. 
[0020] 

Further, by forming a pin diode on the epitaxial wafer manufactured 
according to present invention, the long-term reliability upon applying forward voltage 
of the semiconductor device can be improved. 

With the SiC Pin diode formed on the off substrate, the crystal defects 
extending in a direction perpendicular to the {0001} direction in the epitaxial wafer will 
cause the forward current to decrease when the forward voltage is applied for a 
prolonged period of time. 
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Nevertheless, with the epitaxial wafer manufactured according to present 
invention, since the crystal defects extending in a direction that is perpendicular to the 
{0001} direction in the epitaxial wafer have been reduced as described above, the 
forward current will not decrease even when applying forward voltage for a prolonged 
period of time, and a significant effect is yielded in that a highly reliable epitaxial wafer 
can be obtained. 
[0021] 

Further, by forming a MOSFET on the epitaxial wafer manufactured 

according to present invention, the channel resistance of the semiconductor device 
can be reduced. 

In other words, in comparison to a MOSFET formed on a conventional 
epitaxial wafer having an off angle of 3° to 8°, the MOSFET formed on the epitaxial 
wafer manufactured according to present invention is capable of reducing the 
roughness in the oxide film/semiconductor interface. 

As a result, the channel mobility will increase, and the channel resistance of 
the semiconductor device can be reduced thereby. Present invention is now 
described in further detail with reference to the following Examples. 

EXAMPLES 

[0022] 

FIG. 2 shows the conceptual diagram of the series of growth processes of the 
present Examples. A 4H-SiC substrate inclined 0.5° from the [formula 9] face to 
the [formula 10] direction was used as the crystal growth substrate. 

After placing this substrate in the reaction tube of a horizontal chemical vapor 
deposition system (CVD system), the pressure in the reaction tube was controlled to 
be 250mbar while flowing 40slm of hydrogen gas in the reaction tube. 

In this state, the SiC substrate was heated via high-frequency induction 
heating, and heated from 1500°C to 1600°C while discharging 3.33sccm of propane 
gas. After heating the SiC substrate to 1600°C, this state was maintained for 3 
minutes, and the SiC substrate surface was cleansed. 
[0023] 
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[formula 9) : (0001) C 
[0024] 

[formula 10] : [1120] 
[0025] 

FIG. 3 shows the atomic force microscopy of the cleansed SiC substrate 
surface. FIG. 3a is a planar image, and steps are aligned with regularity. The height 
thereof is 0.7nm from the cross sectional image of FIG. 3b. 

After preparing this kind of cleansed surface, the composition ratio of C and 
Si in source gases was controlled to be 0.6 by introducing 6.67sccm of silane gas and 
1 .334sccm of propane gas, and epitaxial growth was performed on this SiC substrate 
in order to manufacture an epitaxial wafer. 
[0026] 

FIG. 4 shows the surface of the epitaxial wafer after 5 hours of growth. By 
using the [formula 11] face, there is no surface roughness caused by step bunching 
or two-dimensional nucleus formation, and a flat surface is formed thereby. 

Further, as shown in FIG 5b, the linear defects that existed in the SiC 
substrate are hardly visible in the epitaxial wafer obtained in this Example, and it is 
evident that the defects have decreased. 
[0027] 

[formula 11] : (0001) C 
[0028] 

As evident from the foregoing explanation, it has been confirmed that, by 
using present invention, it is possible to manufacture an epitaxial wafer with a highly 
flat surface while reducing the crystal defects in the SiC epitaxial wafer. 

Although 4H~SiC was used in this Example, the same effects can also be 
obtained with 6H-SiC. Further, although a substrate that is off in the [formula 12] 
direction was used in this Example; present invention can be implemented without 
depending on the off direction. 
[0029] 
[formula 12] : [1120] 
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INDUSTRIAL APPLICABILITY 

[0030] 

According to present invention, it is possible to manufacture an epitaxial 
wafer with a highly flat surface while reducing the crystal defects in the SiC epitaxial 
wafer, the cutting stock upon cutting the SiC ingot will hardly arise, and the yield can 
be improved thereby. Further, a significant effect is yielded in that a highly reliable 
epitaxial wafer can be obtained in which the forward current will not decrease even 
when forward voltage is applied for a prolonged period of time. Moreover, with a 
MOSFET formed on this epitaxial wafer, it is possible to reduce the roughness in the 
oxide film/semiconductor interface, and the channel mobility will increase. Thus, a 
superior effect is yielded in that the channel resistance of the semiconductor device 
will decrease, and this epitaxial wafer is extremely useful as the material of a 
semiconductor device or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] 

FIG. 1 is a diagram for explaining the situation of the generation and 
reduction of defects in the wafer, wherein FIG. 1a shows an off wafer and FIG. 1b 
shows a zero-off wafer; 

FIG. 2 is a schematic explanatory diagram of the growth process of present 
invention; 

FIG. 3 is a diagram showing the atomic force microscopy of the cleansed face 
of the SiC substrate, wherein FIG. 3a is a planar image and FIG 3b is a cross-sectional 
image; 

FIG 4 is a surface view of the epitaxial wafer manufactured with present 
invention; 

FIG. 5 is an reflective X-ray photograph showing an example of the reduction 
of crystal defects in the epitaxial wafer manufactured with present invention, wherein 
FIG. 5a shows the SiC substrate, and FIG. 5b shows the epitaxial wafer; and 

FIG 6 is an explanatory diagram of the improvement in yield of the SiC ingot 

of present invention. 
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DESCRIPTION OF REFERENCE NUMBERS 

[0032] 

(1) Crystal defects extending in the {0001} direction 

(2) Crystal defects extending in a direction that is perpendicular to the {0001} 

direction 

(3) Cutting stock 
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ABSTRACT 



Provided is a silicon carbide epitaxial wafer which is formed on a substrate 
that is from 0° to less than 1 ° off from the {0001} surface of silicon carbide having an 
Of -type crystal structure, wherein the crystal defects in the SiC epitaxial wafer are 
reduced while the flatness of the surface thereof is improved. 



10 





SUBSTRATE . 
TEMPURATURE 



TEMPERATURE 

HYDROGEN h* 



PROPANE N~ 



T/ME. 



SILANE 



Japan Patent Application No. 2003-29541 3 



CLAIMS 

1 . A silicon carbide epitaxial wafer which is formed on a substrate that is from 0° 
to less than 1° off from the surface of silicon carbide having an or -type crystal 
structure. 

2. The silicon carbide epitaxial wafer according to claim 1 , wherein said silicon 
carbide epitaxial wafer is formed on a substrate of the [formula 1 ] face. 

[formula 1 ] : (0001) C 

3. The silicon carbide epitaxial wafer according to claim 1 or claim 2, wherein a 
silicon carbide substrate having a 4H crystal structure is used. 

4. The silicon carbide epitaxial wafer according to any one of claims 1 to 3, 
wherein said silicon carbide epitaxial wafer has a flat surface. 

5. A semiconductor device formed on the epitaxial wafer according to any one 
of claims 1 to 4. 

6. A manufacturing method of a silicon carbide epitaxial wafer, wherein silicon 
carbide is epitaxially grown on a substrate that is from 0° to less than 1° off from the 
{0001} surface of silicon carbide having an a -type crystal structure. 

7. The manufacturing method of a silicon carbide epitaxial wafer according to 
claim 6, wherein silicon carbide is epitaxially grown on a substrate of the [formula 2] 
face. 

[formula 2] : (0001) C 

8. The manufacturing method of a silicon carbide epitaxial wafer according to 
claim 6 or claim 7, wherein silicon carbide is epitaxially grown on a silicon carbide 
substrate having a 4H crystal structure. 

9. The manufacturing method of a silicon carbide epitaxial wafer according to 
any one of claims 6 to 8, wherein the substrate surface is cleansed with a mixed gas of 
hydrogen gas and propane gas of 1400°C to 1600°C. 

10. The manufacturing method of a silicon carbide epitaxial wafer according to 
any one of claims 6 to 9, wherein the height of the substrate surface step is 1nm or 
less. 

11. The manufacturing method of a silicon carbide epitaxial wafer according to 
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any one of claims 6 to 10, wherein a source gas of silane and propane is used upon 

epitaxially growing silicon carbide. 

1 2. The manufacturing method of a silicon carbide epitaxial wafer according to 
any one of claims 6 to 11 , wherein a growth pressure of 250mbar or less is used upon 
epitaxially growing silicon carbide. 

13. The manufacturing method of a silicon carbide epitaxial wafer according to 
any one of claims 6 to 12, wherein a source gas in which the composition ratio of C 
and Si is 1 or less is used upon epitaxially growing silicon carbide. 

14. A silicon carbide epitaxial wafer manufactured with the epitaxial growth 
according to any one of claims 6 to 13. 

15. A semiconductor device formed on the silicon carbide epitaxial wafer 
according to claim 14. 
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